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(57) ABSTRACT 

An encapsulated endoscope system in accordance with the 
present invention comprises: an encapsulated endoscope 
that rotates to develop a thrust; a controller that moves the 
encapsulated endoscope in an intended direction of advance- 
ment; an imaging unit incorporated in the encapsulated 
endoscope; and an image processing unit that receives image 
data sent from the imaging unit, and produces an image, 
which results from rotation of the received image data, 
according to the rotational phase of the encapsulated endo- 
scope. 
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ENCAPSULATED ENDOSCOPE SYSTEM IN 
WHICH ENDOSCOPE MOVES IN LUMEN BY 
ITSELF AND ROTATION OF IMAGE OF REGION 
TO BE OBSERVED IS CEASED 

[0001] This application claims the benefit of Japanese 
Application No. 2002-105493 filed in Japan on Apr. 8, 2002, 
the contents of which are incorporated by the reference. 

BACKGROUND OF THE INVENTION 
[0002] I. Field of the Invention 

[INNI3] The present invention relates to an encapsulated 
endoscope system for driving and controlling an encapsu- 
lated endoscope that moves in a lumen by itself to image a 
region lo ix: observed. 
[(HUM] 2. Description of the Related Art 

[0005] I or example, Japanese Unexamined Patent Appli- 
caiion hiblicalion No. 2001-179700 discloses a movement 
control svsiem lor movable micro-machines. The movement 
ci mi ml system comprises: a magnetic field generating sec- 
lion l hat generates a rotating magnetic field; a robot that 
rotates on receipt of the rotating magnetic field generated by 
the magnetic field generating section so as to develop a 
thrust, a position delecting section that detects the position 
ol the robot; and a magnetic field deflecting section that 
changes the orientation ol the rotating magnetic field gen- 
erated by the magnetic field generating section so as to move 
the robot in the direction ol a destination. 

SUMMARY Ol THE INVENTION 

[0006] According lo the present invention, an encapsu- 
lated endoscope system comprises: an encapsulated endo- 
scope that rotates lo develop a thrust; a controller that moves 
the encapsulated endoscope in an intended direction of 
advancement; an imaging unit incorporated in the encapsu- 
lated endoscope; and an image processing unit that receives 
image data sent from the imaging section, and produces an 
image, which results from turning of the received image 
data, according to a rotational phase of the encapsulated 
endoscope. 

[0007] Other features of the present invention and advan- 
tages thereof will be fully apparent from the description 
below. 

BR1LT DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 to FIG. 16 are concerned with a first 
embodiment of the present invention; 

[0009] FIG. 1 shows the outward configuration of an 
encapsulated endoscope system; 

[0010] FIG. 2 is a block diagram showing the configura- 
tion of the capsulated endoscope system shown in FIG. 1; 

[0011] FIG. 3 shows the outward form of an encapsulated 
endoscope included in the system shown in FIG. 2; 

[0012] FIG. 4 is an explanatory diagram showing the 
encapsulated endoscope shown in FIG. 3; 

[0013] FIG. 5 is a first flowchart describing processing to 
be performed in the encapsulated endoscope system shown 
in FIG. 2; 
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[0014] FIG. 6 is a second flowchart describing processing 
to be performed in the encapsulated endoscope system 
shown in FIG. 2; 

[0015] FIG. 7 is a first explanatory diagram illustrating 
the effect of the processing described in FIG. 5 and FIG. 6; 

[0016] FIG. 8 is a second explanatory diagram illustrating 
the effect of the processing described in FIG. 5 and FIG. 6; 

[0017] FIG. 9 is a third explanatory diagram illustrating 
the effect of the processing described in FIG. 5 and FIG. 6; 

[0018] FIG. 10 is a fourth explanatory diagram illustrating 
the effect of the processing described in FIG. 5 and FIG. 6; 

[0019] FIG. 11 is a fifth explanatory diagram illustrating 
the effect of the processing described in FIG. 5 and FIG. 6; 

[0020] FIG. 12 is a sixth explanatory diagram illustrating 
the effect of the processing described in FIG. 5 and FIG. 6; 

[0021] FIG. 13 is a seventh explanatory diagram illustrat- 
ing the effect of the processing described in FIG. 5 and FIG. 
6; 

[0022] FIG. 14 is an eighth explanatory diagram illustrat- 
ing the effect of the processing described in FIG. 5 and FIG. 

6;^ 

[0023] FIG. 15 is a ninth explanatory diagram illustrating 
the effect of the processing described in FIG. 5 and FIG. 6; 

[0024] FIG. 16 is a tenth explanatory diagram illustrating 
the effect of the processing described in FIG. 5 and FIG. 6; 

[0025] FIG. 17 and FIG. 18 are concerned with a second 
embodiment of the present invention; 

[0026] FIG. 17 shows the outward form of an encapsu- 
lated endoscope system; 

[0027] FIG. 18 is a block diagram showing the configu- 
ration of the encapsulated endoscope system shown in FIG. 
17; 

[0028] FIG. 19 to FIG. 22 are concerned with a third 
embodiment of the present invention; 

[0029] FIG. 19 is a block diagram showing the configu- 
ration of an encapsulated endoscope system; 

[0030] FIG. 20 shows an example of a movement to be 
made by an encapsulated endoscope included in the system 
shown in FIG. 19; 

[0031] FIG. 21 describes a flow of jiggling performed in 
the encapsulated endoscope system shown in FIG. 19; 

[0032] FIG. 22 is an explanatory diagram showing the 
effect of the processing described in FIG. 21; 

[0033] FIG. 23 to FIG. 26 are concerned with a fourth 
embodiment of the present invention; 

[0034] FIG. 23 is a block diagram showing the configu- 
ration of an encapsulated endoscope system; 

[0035] FTG. 24 is a block diagram showing the configu- 
ration of an X-axis magnetic field generating unit included 
in the system shown in FIG. 23; 

[0036] FIG. 25 is a first diagram showing the operation of 
the encapsulated endoscope system shown in FIG. 23; and 
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[0037] FIG. 26 is a second diagram showing the operation 
of the encapsulated endoscope system shown in FIG. 23. 

DETAJLED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0038] First Embodiment: 
[0039] (Constituent Features) 

[0040] As shown in FIG. 1, an encapsulated endoscope 
.system 1 in accordance with the present embodiment com- 
prises: an encapsulated endoscope 2 that is inserted into a 
body cavity, moves by itself owing to an external rotating 
magnetic lick!, and picks up an image of the interior of a 
KhIv cavity; a rotating magnetic held generating unit 3 that 
generates the external rotating magnetic field; a magnetic 
lie M control unit 4 that controls the rotating magnetic field 
generated by the rotating magnetic field generating unit 3; 
a in I an image processing unit 6 that receives a magnetic held 
c«>nirt>l signal sent from the magnetic field control unit 4, 
receives an image from the encapsulated endoscope 2 by 
radio, performs image processing, and displays an image on 
a display device 5. 

[WMI] As shown in FIG. 2, the rotating magnetic field 
generating unit 3 comprises: a first electromagnet 11 that 
ueiie rales a magnetic held in an X-axis direction; a second 
electromagnet 12 that generates a magnetic field in a Y-axis 
direction; a third electromagnet 13 that generates a magnetic 
field in a Z-axis direction; and driving amplifiers 14 to 16 
that drive the first to third electromagnets 11 to 13 respec- 
tive! v. The magnetic field control unit 4 is composed of 
coin rol signal generators 17 to 19. The control signal gen- 
erators 17 to 19 control the driving amplifiers 14 to 16 
respectively, transmit a magnetic field control signal, in 
response to which the rotating magnetic field generating unit 
3 generates a rotating magnetic field, to the rotating mag- 
netic field generating unit 3, and transmit data of a magnetic 
field generated by the rotating magnetic field generating unit 
3 to the image processing unit 6. 

[0042] Incorporated in the encapsulated endoscope 2 are: 
a stationary magnet 21 that rotates while reacting to a 
rotating magnetic field; an illuminating device (for example, 
an I.ED) 22 that generates illumination light with which the 
interior of a body cavity is illuminated; an imaging device 
(for example, a CCD) 23 that images an intracavitary region 
illuminated with the illumination light; a signal processing 
circuit 24 that samples an image signal produced by the 
imaging device and converts it into a digital video signal; a 
memory 25 in which the digital video signal sent from the 
signal processing circuit 24 is stored; a radio circuit 26 that 
transmits the digital video signal stored in the memory 25 to 
the image processing unit 6 by radio; a capsule control 
circuit 27 for controlling the signal processing circuit 24, 
memory 25, and radio circuit 26; and a battery 28 that 
supplies power to the circuits incorporated in a capsule. 

[0043] The image processing unit 6 comprises: a radio 
circuit 31 that receives image data sent from the encapsu- 
lated endoscope 2 by radio; a memory 34 in which a digital 
video signal received by the radio circuit 31 is stored as 
image data; an image processing circuit 32 that performs 
turning and other desired processing on the image data 
stored in the memory 34; and a control circuit 33 that 
receives data of a magnetic field generated by the rotating 



magnetic field generating unit 3 and controls the image 
processing circuit 32 and radio circuit 31. In the memory 34, 
the control circuit 33 stores the magnetic field data received 
from the magnetic field control unit 4 in association with 
image data. 

[0044] Moreover, the control circuit 33 transmits an 
advancement control signal to the magnetic field control unit 
4. The advancement control signal is produced based on an 
instruction signal received from a direction instructing 
device 35, for example, a keyboard or a joystick that is used 
to instruct a direction of advancement in which the encap- 
sulated endoscope 2 should be advanced. 

[0045] An operator determines a direction, in which the 
encapsulated endoscope 2 should be advanced, by monitor- 
ing an endoscopic image displayed on the display device 5. 
The operator handles the direction instructing device 35 in 
order to transmit an instruction signal to the control circuit 
33. In response to the instruction signal, the control circuit 
33 transmits an advancement control signal to the magnetic 
field control unit 4. The advancement control signal enables 
generation of a rotating magnetic field that causes the 
encapsulated endoscope 2 to change the orientation thereof 
or to advance. 

[0046] A capsule body 2a included in the encapsulated 
endoscope 2 is, as shown in FIG. 3, shaped like a capsule 
which a patient can gulp easily. The capsule body 2a has a 
screw 41 threaded helically on the periphery thereof. The 
imaging device 23 that images the interior of a body cavity 
via an objective optical system 42 is incorporated in one side 
of the capsule body 2a. The stationary magnet 21 is locked 
in the center part of the capsule body 2a. The stationary 
magnet 21 is locked to have a north pole thereof located in 
the upper part of the imaging surface of the imaging device 
23 and a south pole thereof located in the lower part thereof. 

[0047] A dipole of the stationary magnet 21 is located 
perpendicularly to the axis of rotation of the screw 41. The 
axis of rotation of the screw 41 is aligned with the axis of an 
imaging optical system ahead of the imaging device 23. 

[0048] Incidentally, the orientations of the magnetic poles 
of the stationary magnet 21 are agreed with the upward and 
downward directions of the imaging surface of the imaging 
device 23. The present invention is not limited to this mode. 
The stationary magnet 21 and imaging device 23 should 
merely be locked in the capsule so that the imaging device 
23 will rotate along with the rotation of the stationary 
magnet 21. 

[0049] As shown in FIG. 4, when the encapsulated endo- 
scope 2 is put in a body cavity, even if the axial direction of 
an observation optical system is not aligned with the direc- 
tion of a normal to a rotating magnetic field, the rotating 
magnetic field acts on the stationary magnet 21. This causes 
the capsule body 2a to make a helical motion. Eventually, 
the axial direction of the observation optical system is 
aligned with the direction of the normal to the rotating 
magnetic field. In short, the rotating magnetic field acts on 
the stationary magnet 21 incorporated in the capsule body 2a 
so that the rotation of the stationary magnet 21 will be flush 
with the rotation of the rotating magnetic field. When the 
rotation of the stationary magnet 21 becomes flush with the 
rotation of the rotating magnetic field, the screw 41 comes 
in contact with a humor or an intracavitary wall due to the 
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rotation of the stationary magnet 21 caused by the rotating 
magnetic field. This enables the encapsulated endoscope 2 to 
advance or withdraw in the direction of the normal to the 
plane of rotation of the rotating magnetic field. 

[0050] A user monitors an endoscopic image displayed on 
the display device 5, and uses the direction instructing 
device 35 to instruct a desired direction. Consequently, as 
mentioned above, the direction of the normal to the rotating 
magnetic field can be changed to the desired direction. 
Eventually, the axial direction of the imaging optical system 
incorporated in the encapsulated endoscope 2 can be aligned 
with the desired direction. When the rotating magnetic field 
is rotated with the direction of the normal fixed, the encap- 
sulated endoscope 2 can be advanced or withdrawn along 
the axis of the imaging optical system. The user can move 
the encapsulated endoscope 2 in any direction using the 
direction instructing device 35. 

[0051] (Operation) 

[0052] The operation of the present embodiment having 
the foregoing components will be described in conjunction 
with the flowcharts of FIG. 5 and FIG. 6 and the explana- 
tory diagrams of FIG. 7 to FIG. 16. 

[0053] When the orientation of the encapsulated endo- 
scope 2 is changed or the encapsulated endoscope 2 is 
advanced or withdrawn, the imaging device 23 rotates 
together with the stationary magnet 21. An image picked up 
by the imaging device 23 also rotates. If the image is 
displayed on the display device 5 as it is, the displayed 
endoscopic image is a rotating image. The rotation of a 
display image must be ceased for fear that advancement or 
withdrawal in a desired direction may not be able to be 
instructed using the direction instructing device 35. Accord- 
ing to the present embodiment, therefore, a rotating image is 
corrected to produce a still image. 

[0054] First, when the direction instructing device 35 is 
handled, the encapsulated endoscope 2 picks up images 
time-sequentially, and stores a digital video signal in the 
memory 25. Under the control of the control circuit 33 
included in the image processing unit 6, the digital video 
signal is stored in the memory 34 as image data via the radio 
circuits 26 and 31. At this time, the control circuit 33 in the 
image processing unit 6 stores magnetic field data in asso- 
ciation with the image data to be stored in the memory 34. 
The magnetic field data includes the orientation of a rotating 
magnetic field and the direction of the normal to the rotating 
magnetic field that are detected when the image data is 
produced. Consequently, a plurality of image data items, that 
is, first image data, second image data, etc., and n-th image 
data are, as shown in FIG. 7, successively stored in the 
memory 34. Moreover, a plurality of magnetic field data 
items, that is, first magnetic field data, second magnetic field 
data, etc., and n-th magnetic field data that are associated 
with the image data items are, as shown in FIG. 8, succes- 
sively stored in the memory 34. 

[0055] As described in FIG. 5, at step SI, the control 
circuit 33 in the image processing unit 6 initializes such 
parameters as a total angle of rotation of an image 6 and an 
image number n to 0 and 1 respectively. At step S2, the 
control circuit 33 reads the n-th image data from the memory 
34 (in this case, the first image data). At step S3, the n-th 
magnetic field data (in this case, the first magnetic field data) 
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including the orientation of a rotating magnetic field (x, y, z) 
and the direction of the normal to the rotating magnetic field 
(X, Y, Z) detected at this time is read from the memory 34. 

[0056] Thereafter, at step S4, the control circuit 33 adopts 
n-th image data' that is first corrected image data and n-th 
image data" that is second corrected image data as image 
data items identical to the n-th image data (n-th image 
data=n-th image data'=n-th image data": in FIG. 9, first 
image data=first image data'=first image data"). At step S5, 
the control circuit 33 controls the image processing circuit 
32 to display a display image shown in FIG. 10 on the 
display device 5 according to the n-th image data". 

[0057] Thereafter, at step S6, the control circuit 33 incre- 
ments the image number n. At step S7, the n-th image data 
(in this case, second image data) is read from the memory 
34. At step S8, the n-th magnetic field data (in this case, 
second magnetic field data) including the orientation of a 
rotating magnetic field (x, y, z) and the direction of the 
normal to the rotating magnetic field (X, Y, Z) detected at 
this time is read from the memory 34. 

[0058] Thereafter, at step S9, the control circuit 33 calcu- 
lates an angle of rotation A6 by which the n-l-th image has 
rotated relative to the n-th image. The details will be 
presented below in conjunction with FIG. 11. For example, 
the orientation of a rotating magnetic field included in the 
first magnetic field data concerning the first image data shall 
be Bl(xl,yl,zl), the direction of the normal to the rotating 
magnetic field included therein shall be R1(X1,Y1,Z1), the 
orientation of a rotating magnetic field included in the 
second magnetic field data concerning the second image 
data shall be B2(x2,y2,z2), and the direction of the normal 
to the rotating magnetic field shall be R2(X2,Y2,Z2). 

[0059] The direction of advancement of the encapsulated 
endoscope 2 varies time-sequentially. If an angle at which 
the orientation Bl meets the orientation B2 is regarded as an 
angle of rotation, there is a possibility that the angle of 
rotation may not agree with an actual angle of rotation. 
Therefore, as shown in FIG. 11, an angle at which a normal 
vector Nl to a plane defined by the orientation Rl and 
direction Bl meets a normal vector N2 to a plane defined by 
the orientation R2 and direction B2 is regarded as the angle 
of rotation AO. 

[0060] The angle of rotation A8 is calculated as follows: 
Ni-Cvizi-riri. rm-ziA-i, xiYi-xui) 

A T 2=(v2Z2-V2r2 ; z2Xl-Z2x2, x2Y2-X2y2) 

[0061] where Nl and N2 denote unit vectors; 

Ae ir =cos- 1 {(vlZl-yizl)Cv2Z2-V7;2) 

[0062] With the elapse of time, the angles of rotation 
A6 1 ' 2 , Ak 2 ' 3 , etc., A8 , *- 2>, ' D - a \ and A9 (n - 1)n are calculated 
successively. 

[0063] A total angle of rotation 0 is calculated as the sum 
total of the angles of rotation and expressed as e=SAG lli " 3)L . 
At step S10, the control circuit 33 calculates the total angle 
of rotation as 6=6+A8. As shown in FIG. 12, for example, 
the second image is an image that has rotated relative to the 
first image by the angle of rotation 6 plus an error in an 
illustrated direction. Herein, the error is an error between the 
angle of rotation of the encapsulated endoscope 2 and the 
angle of rotation of the rotating magnetic field deriving from 
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a load which an intracavitary wall imposes on the screw 41 
threaded on the rotating encapsulated endoscope 2. 

[0064] At step Sll, the control circuit 33 adopts the n-th 
image data' that is the first corrected image data as image 
data that has rotated by an angle -9 relative to the n-th image 
data. Consequently, as shown in FIG. 13, for example, the 
second image' that is the first corrected image is produced 
with no consideration taken into the error. 

[0065] Control is then passed to step S12 described in 
FIG. 6. At step S12, the control circuit 33 correlates the n-th 
image data with the n-l-th image data according to a known 
procedure, and calculates a degree of correction (<pn) to 
which an angle of rotation should be corrected and a 
coefficient of correlation. At step S13, the control circuit 33 
verifies whether the coefficient of correlation exceeds a 
predetermined threshold value. Based on the result of the 
verification, it is verified whether the error shown in FIG. 12 
is ignored. 

[0066] If the coefficient of correlation does not exceed the 
predetermined threshold value, at step S14, the control 
circuit 33 adopts the n-th image data", which is the second 
corrected image data, as the n-th image data' that is the first 
corrected image data, and passes control to step SI 7. If the 
coefficient of correlation does not exceed the predetermined 
threshold value, it signifies that an image has changed 
greatly. In this case, the result of correlation is not adopted. 
When step Sll is completed (the n-th image data' that is the 
first corrected image data is adopted as image data that has 
rotated by an angle -0 relative to the n-th image data), 
rotational correction of an image is completed. 

[0067] If the error can be ignored, as shown in FIG. 14, 
rotational correction of the second image data is completed 
by adopting the second image data' (first corrected image 
data) at step Sll. At step S14, the second image data' (first 
corrected image data) is adopted as the second image data" 
(second corrected image data). 

[0068] If the coefficient of correlation exceeds the prede- 
termined threshold value, the control circuit 33 adopts at 
step S15 the n-th image data' that is the first corrected image 
data as image data that has rotated by an angle -<pn relative 
to the n-th image data" that is the second corrected image 
data. Consequently, as shown in FIG. 15, the second image" 
that is the second corrected image is thus available. At step 
S16, the total angle of rotation 0 is set to an angle 0+<pn. 
Control is then passed to step SI 7. 

[0069] At step S17, the control circuit 33 controls the 
image processing circuit 33 so as to display, as shown in 
FIG. 16, a display image, which results from rotational 
correction achieved by adopting the n-th image data", on the 
display device 5. At step S18, the control circuit 33 verifies 
whether the n+l-th image data is found in the memory 34. 
If the n+l-th image data is found, control is returned to step 
S6 described in FIG. 5. If the n+l-th image data is unfound, 
processing is terminated. 

[0070] When an image to be displayed on the image 
device 5 is an image having a round contour, the image can 
be displayed with a user left unconscious of rotation of the 

image. 



[0071] (Advantages) 

[0072] As mentioned above, according to the present 
embodiment, image data representing an image picked up by 
the encapsulated endoscope 2 can be stored in the memory 
34 while being associated with magnetic field data detected 
during the picking up (the orientation of a rotating magnetic 
field and the direction of the normal thereto). By the way, the 
encapsulated endoscope 2 is rotated using a rotating mag- 
netic field in order to thus change the orientation of the 
encapsulated endoscope 2 or advance or withdraw the 
encapsulated endoscope 2. Nevertheless, rotation of an 
image deriving from the rotation of the encapsulated endo- 
scope 2 can be corrected by adopting the first corrected 
image. 

[0073] Furthermore, the error between the angle of rota- 
tion of the encapsulated endoscope 2 and the angle of 
rotation of the rotating magnetic field deriving from a load 
an intracavitary wall imposes on the screw 41 on the rotating 
encapsulated endoscope 2 can be corrected by adopting the 
second corrected image through correlation of images. 

[0074] Moreover, an image whose rotation is ceased can 
be displayed at a still image on the display device 5. A 
direction in which the encapsulated endoscope 2 should be 
moved can be identified easily from the image. Once the 
direction instructing device 35 is handled, the control circuit 
33 receives an instruction signal from the direction instruct- 
ing device 35, and transmits an advancement control signal 
based on the instruction signal to the magnetic field control 
unit 4. Consequently, the axial direction of the imaging 
optical system included in the encapsulated endoscope 2 can 
be set to a desired direction. Moreover, the encapsulated 
endoscope 2 can be advanced or withdrawn along the axis of 
the imaging optical system. A user uses the direction 
instructing device 35 to move the encapsulated endoscope 2 
in any direction. 

[0075] Second Embodiment: 

[0076] A second embodiment of the present invention is 
nearly identical to the first embodiment thereof. Only a 
difference will be described. The same reference numerals 
will be assigned to identical components, and the description 
of the components will be omitted. 

[0077] (Constituent Features and Operation) 

[0078] As shown in FIG. 17, an encapsulated endoscope 
system la in accordance with the present embodiment 
comprises: an encapsulated endoscope 2 that is inserted into 
a body cavity and moves by itself owing to an external 
rotating magnetic field so as to pick up an image of the 
interior of a body cavity; a rotating magnetic field generating 
unit 3 that generates the external rotating magnetic field; a 
magnetic field control unit 4 that controls the rotating 
magnetic field generated by the rotating magnetic field 
generating unit 3; and an extracorporeal unit 51 that receives 
a magnetic field control signal from the magnetic field 
control unit 4, receives image data from the encapsulated 
endoscope 2 by radio, and stores the image data in associa- 
tion with magnetic field data in a memory. The extracorpo- 
real unit 51 can transmit the image data and magnetic field 
data stored in the memory to an image processing unit 52 
realized with a personal computer or the like. 

[0079] Transferring data from the extracorporeal unit 51 to 
the image processing unit 52 is achieved by, for example, 
connecting the extracorporeal unit 51 directly to the image 
processing unit 52 after the completion of an examination 
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performed using the encapsulated endoscope 2. Otherwise, 
I he data transfer may be achieved via an information record- 
ing medium that can be freely connected or disconnected 
(for example, a floppy disk drive, a magneto-optical drive, 
a CD-R drive, a CD-RW disk drive, a DVD-R disk drive, or 
the like). Otherwise, the data transfer may be achieved over 
a communication network such as an in-house LAN. The 
image processing unit 52 uses, similarly to the one included 
in the first embodiment, image data and magnetic field data 
in cease the rotation of an image so as to produce a still 
image and then displays the image on the display device 5. 

[0080] As shown in FIG. 18, the extracorporeal unit 51 
includes a radio circuit 31, a memory 34, and a control 
circuit 33. In the memory 34, the control circuit 33 stores 
magnetic tick! data in association with image data. 

[IM>KI] The image processing unit 52 includes, similarly to 
I lie i me included in the first embodiment, an image process- 
ing circuit 53 that uses image data and magnetic field data 
lo cease the rotation of an image so as to produce a still 
image, then performs image processing, and displays the 
resultant image on the display device 5. 

[<H>82] I he other components of the second embodiment 
and the operation thereof are identical to those of the first 
embodiment. 

[00X3] (Advantages) 

[00X4] According to the present embodiment, similarly to 
the first embodiment, the encapsulated endoscope 2 is 
rotated using a rotating magnetic field in order to change the 
orientation of the encapsulated endoscope 2 or advance or 
withdraw the encapsulated endoscope 2. Nevertheless, the 
rotation of an image deriving from the rotation of the 
encapsulated endoscope 2 can be corrected by adopting the 
first corrected image. The error between the angle of rotation 
of the encapsulated endoscope 2 and the angle of rotation of 
the rotating magnetic field deriving from a load an intrac- 
avitary wall imposes on the screw 41 on the rotating 
encapsulated endoscope 2 can be corrected by adopting the 
second corrected image through correlation of images. 

[0085] Furthermore, according to the present embodiment, 
when an examination is performed using the encapsulated 
endoscope 2, image data is stored in association with mag- 
netic field data in the memory 34. Rotational correction is 
performed after the examination. The examination can 
therefore be performed efficiently. Moreover, the image 
processing unit 52 can be realized with a general -purpose 
personal computer. The encapsulated endoscope system la 
can be configured inexpensively. 

[0086] Third Embodiment: 

[01)87] A third embodiment of the present invention is 
nearly identical to the first embodiment thereof. Only a 
difference will be described. The same reference numerals 
will be assigned to identical components, and the description 
of the components will be omitted. 

[0088] (Constituent Features) 

[0089] As shown in FIG. 19, an image processing circuit 
32r/ included in an image processing unit 6 in the present 
embodiment includes a direction-of-lumen detector 61 that 
detects the direction of a lumen using image data represent- 
ing an image whose rotation is ceased. Since the direction- 
of-lumen detector 6! is included, the direction of a lumen is 
detected automatically without the use of the direction 
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instructing device 35 included in the first embodiment. The 
encapsulated endoscope can then be advanced in order to 
pick up a view image. 

[0090] When the direction-of-lumen detector 61 detects a 
distinct lumen present within a field of view, it is verified 
that the encapsulated endoscope keeps advancing in a rec- 
tilinear direction. If no lumen is detected within the field of 
view, the direction of advancement, that is, a direction in 
which a lumen extends is determined based on some infor- 
mation. 

[0091] One of criterion for determining the direction of 
advancement when no lumen is detected within the field of 
view is a brightness changing direction in an image. For 
example, a change in brightness occurs widely from an area 
in an image depicting a portion of an encapsulated endo- 
scope near the distal end thereof to an area therein depicting 
a portion thereof away from the distal end. In this case, the 
direction of advancement is a direction receding from the 
distal end of the encapsulated endoscope. Thus, an inserting 
direction can be detected by detecting a direction of a change 
from a light in an image to a dark therein. 

[0092] The detailed configuration and operation of the 
direction-of-lumen detector 61 are identical to those of an 
inserting direction detecting unit described in Japanese 
Patent Application No. 2001-292230 filed by the present 
applicant. The description of the configuration and operation 
will therefore be omitted. 

[0093] The other components are identical to those of the 
first embodiment. 

[0094] (Operation) 

[0095] Similarly to the first embodiment, the rotation of an 
image is ceased to produce a still image and the still image 
is displayed on the display device 5. Based on the image 
whose rotation is ceased, the direction-of-lumen detector 61 
detects the direction of advancement of the encapsulated 
endoscope 2, and transmits an instruction signal to the 
control circuit 33 in the image processing unit 6. The control 
circuit 33 controls, similarly to the one included in the first 
embodiment, the magnetic field control unit 4 in response to 
the instruction signal, and then moves the encapsulated 
endoscope 2 in a direction in which a lumen extends. 

[0096] As shown in FIG. 20, for example, a lumen like an 
intestinal lumen 71 may have a small diameter and bend 
sharply, and the encapsulated endoscope 2 may not be able 
to advance because it cannot change its orientation. In this 
case, according to the present invention, the encapsulated 
endoscope 2 is jiggled as described below. 

[0097] Specifically, as shown in FIG. 21, the control 
circuit 33 monitors an image, of which rotation is ceased, at 
step S51. At step S52, the image is correlated with a previous 
one in order to verify whether the image has changed. If the 
image has changed, a normal rotating magnetic field is 
generated at step S53 and control is returned to step S51. If 
the image has not changed, it is verified that the encapsu- 
lated endoscope 2 has failed to advance. Control is then 
passed to step S54. 

[0098] At step S54, the control circuit 33 controls and 
jiggles the axis of the rotating magnetic field as shown in 
FIG. 22. Specifically, for example, (1) the axis of the 
rotating magnetic field is moved conically, (2) the axis of the 
rotating magnetic field is simply swung from side to side, (3) 
the axis of the rotating magnetic field is simply vibrated with 
a short amplitude, or (4) the axis of the rotating magnetic 
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field is simply shifted by 90°. Thus, the axis of the rotating 
magnetic field is jiggled in an attempt to free the stalled 
encapsulated endoscope 2. 

[0099] At step S55, the control circuit 33 correlates the 
image with a previous one and verifies whether the image 
has changed. If the image has not changed, control is 
returned to step S54. If the image has changed, a direction 
in which the image has changed is stored in a memory. A 
norma! rotating magnetic field is generated in the direction, 
and control is returned to step S51. 

[0100] (Advantages) 

[0101] As mentioned above, the present embodiment has 
the same advantages as the first embodiment. In addition, the 
direction of advancement of the encapsulated endoscope 2 
can be verified and controlled. A user need not instruct a 
direction of advancement but can concentrate on observa- 
tion. Moreover, since the encapsulated endoscope 2 is 
jiggled, the capability to pass through a narrow lumen can be 
improved greatly. 

[0102] Fourth Embodiment: 

[0103] A fourth embodiment of the present invention is 
nearly identical to the first embodiment thereof only a 
difference will be described below. The same reference 
numerals will be assigned to identical components, and the 
description of the components will be omitted. 

[0104] (Constituent Features) 

[0105] As shown in FIG. 23, according to the present 
embodiment, a rotating magnetic field generating unit com- 
prises: an X-axis magnetic field generating unit 101 com- 
posed of a plurality of pairs of coils; a Y-axis magnetic field 
generating unit 102 composed of a plurality of pairs of coils; 
and a Z-axis magnetic field generating unit 103 composed of 
a plurality of pairs of coils. Moreover, an encapsulated 
endoscope system in accordance with the present embodi- 
ment includes a position detecting unit 107 comprises: two 
triaxial sense coils 104 and 105 that detect the strength and 
orientation of a magnetic field induced around the stationary 
magnet 21; and a position detecting circuit 106 that calcu- 
lates the three-dimensional position and orientation of the 
encapsulated endoscope 2 using detection signals sent from 
the triaxial isotropic sense coils 104 and 105 respectively. 
The position detecting circuit 106 transmits the three-di- 
mensional position data and orientation data concerning the 
encapsulated endoscope 2 to the control circuit 33 in the 
image processing unit 6. 

[0106] Moreover, the image processing unit 6 includes a 
magnet selecting circuit 110 that transmits a selection con- 
trol signal to the X-axis magnetic field generating unit 101, 
Y-axis magnetic field generating unit 102, and Z-axis mag- 
netic field generating unit 103 under the control of the 
control circuit 33. 

[0107] The X-axis magnetic field generating unit 101 
includes, as shown in FIG. 24, a first group of coils 111 A 
composed of a plurality of coils arranged in the form of a 
matrix, for example, sixteen coils (1,1)A to (4,4)A, and a 
second group of coils 111B composed of a plurality of coils 
arranged in the form of a matrix, for example, sixteen coils 
(1,1)B to (4,4)B. The first group of coils 111 A is opposed to 
the second group of coils 111B, whereby opposed electro- 
magnets (Helmholts coils for generating a rotating magnetic 
field) are formed. 

[0108] Moreover, ij A amplifiers (where i denotes an inte- 
ger ranging from 1 to 4, and j denotes an integer ranging 



from 1 to 4) are included for selectively driving the coils 
(i,j)A belonging to the first group of coils 111 A, and ijB 
amplifiers (where i denotes an integer ranging from 1 to 4, 
and j denotes an integer ranging from 1 to 4) are included for 
selectively driving the coils (ij)B belonging to the second 
group of coils 111B. Herein, the coils (i,j)B belonging to the 
second group of coils B are driven while being paired with 
the coils (i,j)A respectively. 

[0109] Either of the ijA amplifiers and ijB amplifiers 
(where i denotes an integer ranging from 1 to 4, and j 
denotes an integer ranging from 1 to 4) is selected and 
controlled by a coil selecting circuit 112. More specifically, 
the coil selecting circuit 112 selects the ijA amplifiers or the 
ijB amplifiers (where i denotes an integer ranging from 1 to 
4, and j denotes an integer ranging from 1 to 4) according to 
a selection control signal sent from the magnet selecting 
circuit 110 included in the image processing unit 6 and 
magnetic field control signals sent from the driving ampli- 
fiers 14 to 16 included in the magnetic field control unit 4. 

[0110] The Y-axis magnetic field generating unit 102 and 
Z-axis magnetic field generating unit 103 have the same 
components as the X-axis magnetic field generating unit 101 
does. The description of the components will therefore be 
omitted. The other components are identical to those of the 
first embodiment. 

[0111] (Operation) 

[0112] In the position detecting unit 107, the two triaxial 
sense coils 104 and 105 detect the strength and orientation 
of a magnetic field induced around the stationary magnet 21 
incorporated in the encapsulated endoscope 2. The position 
detecting circuit 106 calculates the three-dimensional posi- 
tion and orientation of the encapsulated endoscope 2, and 
transmits the three-dimensional position data and orientation 
data to the control circuit 33 included in the image process- 
ing unit 6. 

[0113] The control circuit 33 transmits a selection signal, 
with which either the coils (i,j)A or coils (i,j)B (where i 
denotes an integer ranging from 1 to 4, and j denotes an 
integer ranging from 1 to 4) are selected and driven based on 
the three-dimensional position data, to the magnet selecting 
circuit 110. The magnet selecting circuit 110 in turn trans- 
mits a selection control signal to the coil selecting circuit 
112, whereby either the coils (i,j)A or coils (i,j)B (where i 
denotes an integer ranging from 1 to 4, and j denotes an 
integer ranging from 1 to 4) are selected, 

[0114] The coils (i,j)A or coils (i,j)B (where i denotes an 
integer ranging from 1 to 4, and j denotes an integer ranging 
from 1 to 4) to be driven are, for example, as shown in FIG. 
25, selected based on the position of the encapsulated 
endoscope 2 so that a rotating magnetic field which effec- 
tively causes the encapsulated endoscope 2 to make a 
motion will be applied to the encapsulated endoscope 2. 

[0115] A user handles the direction instructing device 35 
while viewing a still image which is produced by ceasing the 
rotation of an image and displayed on the display device 5. 
The control circuit 33 included in the image processing unit 
6 transmits an advancement control signal to the magnetic 
field control unit 4. The magnetic field control unit 4 
transmits a magnetic field control signal, with which the 
direction of rotation of a rotating magnetic field (direction of 
a normal) induced by the driven coils (i,j)A or coils (i,j)B 
(where i denotes an integer ranging from 1 to 4, and j 
denotes an integer ranging from 1 to 4) is changed, to the 
coil selecting circuit 112. 
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[Oil 6] Consequently, the encapsulated endoscope 2 makes 
a motion and moves, the position detecting unit 107 detects 
the three-dimensional position of the encapsulated endo- 
scope 2 again. Based on the three-dimensional position data, 
the control circuit 33 in the image processing unit 6 controls 
the coil selecting circuit 112 via the magnet selecting circuit 
110. Consequently, the coils (i,j)A or coils (i,j)B (where i 
denotes an integer ranging from 1 to 4, and j denotes an 
integer ranging from 1 to 4) to be driven are successively 
reselected so that a rotating magnetic field which effectively 
causes the encapsulated endoscope 2 to make a motion will 
be applied to the encapsulated endoscope 2. 

[0117] To be more specific, for example, when the encap- 
sulated endoscope 2 is located as shown in FIG. 25, if the 
direction instruction device 35 is handled, a rotating mag- 
netic field induced by the selected coils rotates. This causes 
the encapsulated endoscope 2 to move to a position shown 
in FIG. 26. Coils to be driven are reselected so that a rotating 
magnetic field which acts etTectively on the encapsulated 
endoscope 2 located at the three-dimensional position will 
be applied to the encapsulated endoscope 2. 

[0118] The operation of the present embodiment is iden- 
tical to the one of the first embodiment. 

[0119] (Advantages) 

[0120] As mentioned above, the present embodiment pro- 
vides the same advantages as the first embodiment does. In 
addition, a rotating magnetic field can be applied to part of 
a human body but not to an entire human body. A uniform 
rotating magnetic field can therefore be applied to the 
encapsulated endoscope 2. Moreover, the encapsulated 
endoscope 2 can be driven with low power consumption. 
Besides, since each coil may be small-sized, the magnetic 
field generating unit can be designed to be lightweight and 
low-cost. 

[0121] A rotational driving means for rotating the encap- 
sulated endoscope 2 or any other encapsulated medical 
equipment (hereinafter, simply, a capsule) has been 
described as a magnetic field induced by an external mag- 
netic field generating means. The present invention is not 
limited lo this mode. Alternatively, any other rotational 
driving means may be adopted. For example, a dielectric 
(something that exhibits polarization, such as, a capacitor) 
may be incorporated in the capsule as a means for rotating 
the capsule. An electric field may then be externally applied 
to the capsule so that the electric field will rotate. Thus, the 
capsule may be rotated. 

[0122] According to the present invention, it is apparent 
that a wide range of different embodiments can be formed 
based on the invention without a departure from the spirit 
and scope of the invention. The present invention is limited 
to the appended claims but not restricted to any specific 
embodiment. 



What is claimed is: 

1. An encapsulated endoscope system comprising: 

an encapsulated endoscope that rotates to develop a 
thrust; 

a controller for moving the encapsulated endoscope in an 
intended direction of advancement; 

an imaging unit incorporated in the encapsulated endo- 
scope; and 



an image processing unit that receives image data sent 
from the imaging unit and produces an image, which 
results from rotation performed on the received image 
data, according to the rotational phase of the encapsu- 
lated endoscope. 

2. An encapsulated endoscope system according to claim 
1, wherein: 

the image processing unit includes: a comparator section 
that compares at least two successive images, which are 
picked up by the imaging unit, with each other; and a 
rotating section that receives image data sent from the 
imaging unit and uses the image processing unit to 
rotate an image; and 

a degree of rotation to which the rotating section rotates 
an image is corrected based on the result of the com- 
parison performed by the comparator section. 

3. An encapsulated endoscope system according to claim 

1, further comprising a position detecting section that 
detects the position of the encapsulated endoscope, wherein 
the direction of rotation of the encapsulated endoscope is 
changed based on the detected position. 

4. An encapsulated endoscope system according to claim 

2, further comprising a position detecting section that 
detects the position of the encapsulated endoscope, wherein 
the direction of rotation of the encapsulated endoscope is 
changed based on the detected position. 

5. An encapsulated endoscope system according to claim 
1, wherein the controller includes an input section for use in 
instructing the direction of advancement of the encapsulated 
endoscope . 

6. An encapsulated endoscope system according to claim 

1, wherein a display image produced by the image process- 
ing unit has a round contour. 

7. An encapsulated endoscope system according to claim 

2, wherein a display image produced by the image process- 
ing unit has a round contour. 

8. An encapsulated endoscope system comprising: 

a magnetic field generating section for generating a rotat- 
ing magnetic field; 

an encapsulated endoscope that receives the rotating 
magnetic field generated by the magnetic field gener- 
ating section and rotates to develop a thrust; 

a magnetic field deflecting section for changing the ori- 
entation of the rotating magnetic field generated by the 
magnetic field generating section so as to move the 
encapsulated endoscope in an intended direction of 
advancement; 

an imaging section incorporated in the encapsulated endo- 
scope; and 

an image processing section that receives image data sent 
from the imaging section, rotates the image data 
according to the orientation of the rotating magnetic 
field, and thus produces a display image to be displayed 
on a display device. 

9. An encapsulated endoscope system comprising: 

a magnetic field generating section for generating a rotat- 
ing magnetic field; 

an encapsulated endoscope that receives the rotating 
magnetic field generated by the magnetic field gener- 
ating section and rotates to develop a thrust; 
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a magnetic field deflecting section for changing the ori- 
entation of the rotating magnetic field generated by the 
magnetic field generating section so as to move the 
encapsulated endoscope in an intended direction of 
advancement; 

an imaging section incorporated in the encapsulated endo- 
scope; 

a direction-of-advancement calculating section for calcu- 
lating the direction of advancement of the encapsulated 
endoscope on the basis of image data received from the 
imaging section; and 

a control section for controlling the magnetic field deflect- 
ing section according to the result of the calculation 
performed by the direction-of-advancement calculating 
section. 

10. An encapsulated endoscope system according to claim 

8, wherein: 

the image processing section includes a comparator sec- 
tion that compares at least two successive images, 
which are picked up by the imaging section, with each 
other; and 

the image processing section receives the image data sent 
from the imaging section, rotates the image data 
according to the orientation of the rotating magnetic 
field, and corrects a degree of rotation, to which the 
rotation is performed, according to the result of the 
comparison performed by the comparator section. 

11. An encapsulated endoscope system according to claim 

9, wherein: 

the image processing section includes a comparator sec- 
tion that compares at least two successive images, 
which are picked up by the imaging section, with each 
other; and 

the image processing section receives the image data sent 
from the imaging section, rotates the image data 
according to the orientation of the rotating magnetic 
field, and corrects a degree of rotation, to which the 
rotation is performed, according to the result of the 
comparison performed by the comparator section. 

12. An encapsulated endoscope system according to claim 
8, further comprising a position detecting section that 
detects the position of the encapsulated endoscope, wherein 
the magnetic field deflecting section changes the orientation 
of the rotating magnetic field generated by the magnetic field 
generating section according to the position of the encap- 
sulated endoscope delected by the position detecting section. 

13. An encapsulated endoscope system according to claim 

10, further comprising a position detecting section that 
detects the position of the encapsulated endoscope, wherein 
the magnetic field deflecting section changes the orientation 
of the rotating magnetic field generated by the magnetic field 
generating section according to the position of the encap- 
sulated endoscope detected by the position detecting section. 

14. An encapsulated endoscope system according to claim 
12, wherein: 



the magnetic field generating section comprises a plurality 
of locally rotating magnetic field generating sections 
that generates a plurality of successive locally rotating 
magnetic fields; 

the magnetic field deflecting section selects any of the 
locally rotating magnetic field generating sections 
according to the position of the encapsulated endoscope 
detected by the position detecting section, and changes 
the orientation of the rotating magnetic field generated 
by the selected locally rotating magnetic field generat- 
ing section. 

15. An encapsulated endoscope system according to claim 
8, wherein the magnetic field deflecting section includes an 
input section for use in instructing the direction of advance- 
ment of the encapsulated endoscope. 

16. An encapsulated endoscope system according to claim 

8, wherein a display image produced by the image process- 
ing section has a round contour. 

17. An encapsulated endoscope system according to claim 

9, wherein a display image produced by the image process- 
ing section has a round contour. 

18. An image acquiring method for encapsulated endo- 
scopes comprising the steps of: 

rotating an encapsulated endoscope; 

acquiring image data using the encapsulated endoscope; 

detecting the rotational phase of the encapsulated endo- 
scope attained when the image data is acquired; and 

rotating the image data to a degree corresponding to the 
rotational phase. 

19. An image acquiring method for encapsulated endo- 
scopes comprising the steps of: 

rotating an encapsulated endoscope; 

acquiring the n-th image data using the encapsulated 
endoscope and storing the n-th image in a memory; 

acquiring the n+l-th image data using the encapsulated 
endoscope; 

detecting the rotational phase of the encapsulated endo- 
scope attained when the n+l-th image data is acquired; 

rotating the n+l-th image data to a degree corresponding 
to the rotational phase; 

comparing the rotated image data with the stored n-th 
image and detecting a degree of correction to which a 
degree of rotation is corrected; 

rotating the rotated image data to the degree of correction; 
and 

storing the image data, which has been rotated to the 
degree of correction, as the n+l-th image in the 
memory. 

***** 
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